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ZTHOD FOR REMOVING IMPURITYTN RESIN FOR ELE(^ 
(57) [Abstract] 
[Object] 

30 It is an object of the present invention to provide a method for removing an impurity in 
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a resin for an electronic part, which can remove and reduce an impurity in a resin for an 
electronic part easily so that the concentration of each impurity element of metal system is less 
than or equal to 0.1 ppm. 
[Structure] 

5 The present invention is characterized by having a step of at least performing one of hot 

water treatment and dilute-acid treatment on a resin for an electronic part containing an impurity 
to remove the contained impurity; and a step of separating the resin for the electronic part in 
which the contained impurity is removed with preventing an impurity from intruding, and drying, 
whereby a super high purity positive resist composition which has, for example, concentration of 
10 an impurity element of metal system of several tens of 10 ppb level can be obtained. 
[Scope of Claim] 
[Claim 1] 

A method for removing an impurity in a resin for an electronic part characterized by 
comprising steps of: 

15 performing at least one of hot water treatment and dilute-acid treatment on a resin for an 
electronic part containing an impurity to remove the contained impurity; and 
separating the resin for the electronic part in which the contained impurity is removed with 
preventing an impurity from intruding, and drying. 
[Detailed Description of the Invention] 

20 [0001] 

[Field of Industrial Application] 

The present invention relates to a method for removing an impurity in a resin for an 
electronic part, and in particular, relates to a method for removing an impurity in a resin for an 
electronic part which is effective for removing and reducing an impurity of metal system such as 

25 iron or sodium contained in a resin. 
[0002] 

[Related-Art] 

For example, in manufacture of an integrated circuit, a negative resist using cyclized 
isoprene rubber as a material or a positive resist using a novolac resin as a material is generally 
30 used in pattering an active element or the like. In recent years, as the integration degree of an 
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integrated circuit is improved, a positive photosensitive resin which is superior in resolution has 

been used more often. 

[0003] 

However, when an impurity of metal system such as alkali metal or heavy metal is 
5 present (contained) in the photoresist resin, even if the amount of the impurity is small, the 
impurity become the cause of defective in pressure of an insulating oxide film, a PN junction 
leakage fault, and the like. That is, a slight amount of an impurity of metal system contained in 
the photoresist resin used in a manufacturing step of an ULSI has a significant impact on the 
functional reliability of the finally manufactured USIL. Accordingly, in such a photoresist resin, 
10 it is desired that an impurity of metal system be removed as possible. 
[0004] 

In accordance with the above request, in general, washing operation with pure water 
(room temperature) by the procedure shown in FIG.2 is performed, whereby the impurity in the 
photoresist resin is removed and reduced. Specifically, for example, a method in which an 

15 photoresist resin is dissolved in an organic solvent such as alcohol or acetone, and this resin 
solution 1 is dropped in a large amount of stirring pure water (room temperature) to perform 
stirring washing treatment 2 , only resin component is subject to precipitation-filtration 
separating treatment 3 and drying treatment 4 is performed, or a method in which a photoresist 
resin is dissolved in a non-water-soluble solvent such as ethyl acetate or toluene, only an 

20 impurity is extracted and removed by intensively stirring washing the resin solution with pure 
water (room temperature), then the non- water-soluble solvent is removed, and drying treatment 
4 is performed, can be given. These washing operation methods usually repeat the washing 
operation and lower the concentration of impurity to the acceptable range. 
[0005] 

25 It is to be noted that, though the influence of an impurity of metal system in a 

photoresist resin and a method for removin g and reducing the impurity are illustrated i n the 

above, for example, also in a case of a sealing resin of a semiconductor device, a resin for a 
protective film, or a resin for interlayer insulating of multilayer wiring, the problem cannot be 
ignored in view of performance and function required for a device to which they are applied 

30 (used). 
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[0006] 

[Problems to be Solved by the Invention] 

The above washing method using pure water with room temperature can promote 
removing and reducing of an impurity included in a resin; however, it is difficult to remove an 
5 alkali metal element or a heavy metal element efficiently yet. For example, it has been difficult 
to remove and reduce the concentration of each impurity element of metal system to be equal to 
or less than O.lppm. That is, concentration of impurity element of metal system can be reduced 
relatively easily to some extent by repeating washing operation with room-temperature pure 
water; however, once after the concentration reaches slight amount of approximately lppm, the 
10 efficiency in removing and reducing the concentration of an impurity element of metal system is 
low even though the number of repetition of the washing operation is increased to a large extent; 
and it is clear that there is a limitation in terms of practical use. 
[0007] 

The present invention is made to cope with such a condition and it is an object to 
15 provide a method for removing an impurity in a resin for an electronic part, which can remove 
and reduce an impurity in a resin for an electronic part easily so that the concentration of each 
impurity element of metal system is less than or equal to O.lppm. 
[0008] 

[Means for Solving the Problem] 

20 A method for removing an impurity in a resin for an electric part according to the 

present invention is characterized by having a step of performing at least one of hot water 
treatment and dilute-acid treatment on a resin for an electronic part containing an impurity to 
remove the contained impurity; and a step of separating the resin for the electronic part in which 
the contained impurity is removed with preventing an impurity from intruding, and drying. 

25 [0009] 

In additi on, this invention is m ade on the basis of the view t hat when either ho t wate r 

treatment or dilute-acid treatment is performed, an impurity in a resin can be removed and" 
reduced easily so that the concentration of each metal impurity element is less than or equal to 
0.1 ppm as a result of keenly examining and studying a method for removing and reducing a 
30 slight amount of metal impurity contained in a resin for a electronic part such as a photoresist 
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resin. 
[0010] 

In the present invention, as a resin for an electronic part containing an impurity which is 
to be an object to be treated, any resist resin manufactured by any conventionally known method 
5 may be acceptable, and for example, a rubber based resist resin such as polyisoprene or 
polybutadiene, an acrylic based resist resin such as acrylic acid ester or methacrylic acid ester, a 
phenolic based resist resin such as novolac, and the like can be given. In addition, it is more 
effective that a resist resin in which a concentration of the contained resin sensitively affects on 
sensitivity and partem profile , for example, a chemically-amplified resist having sensitivity to 
10 the environment is an object to be treated. 
[0011] 

As such a chemically-amplified resist resin, for example, there are a phenolnovolac 
resin type, a cresolnovolac resin type, a xylenolnovolac resin type, a vinylphenol resin, an 
isopropenylphenol resin, a copolymer of a vinylphenol and acrylic acid, methacrylic acid 

15 derivative, acrylonitrile, styrene derivative, and the like, a copolymer of isopropenylphenol and 
acrylic acid, methacrylic acid derivative, acrylonitrile, styrene derivative, and the like, and the 
like; specifically, for example, a poly(p-vinylphenol), a copolymer of p-isopropenylphenol and 
nitrile (copolymerization ratio: 1:1), a copolymer of p-isopropenylphenol and styrene 
(copolymerization ratio: 1:1), a copolymer of p-vinylphenol and 

20 methylmethacrylate(copoIymerization ratio: 1:1), a copolymer of p-vinylphenol and 
methylstyrene (copolymerization ratio: 1:1), and the like can be given. 
[0012] 

Further, the resist resin is suitable for treatment in which a hydroxyl group of a polymer 
is substituted by a photosensitive substituent group such as acetoxy, formyloxy, methacrylanilide, 

25 o-nitrobenzyl, dihydropyridyl, o-quinonediazide sulfonic acid, acryloyl, diazonium, sulfonium, 
iodonium, organic halide, or a protecting group of carboxylic acid containin g tertiary carbon 
such as tert-butyi ester and tert-butyl carbonate, a protecting group containing secondary carbon 
such as cyclohexyl, a sec-butyl group, an isopropyl group, a protecting group such as a trialkyl 
group, a phenylsilyl group, a letrahydropyranyl group, a methylmethoxy group, and the like in 

30 order to control developing solution resolvability and to give photosensitivity using an alkali 
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metal compound as a reaction reagent. 
[0013] 

As an impurity contained in the resin for an electronic part, for example, iron (Fe), 
sodium (Na), potassium (K), copper (Cu), and the like can be given. These metal impurities are 
5 represented as ions as followings; for example, iron (2+ or 3+), sodium (1+), potassium and 

copper (1+ or 2+)- 
[0014] 

It is necessary that purity of the hot water (pure water), acid, solvent, and the like used 
in the present invention be as highly as possible. It is desirable that each have the following 

10 metal impurity concentrations: for example, iron: less than or equal to 5ppb, sodium: less than or 
equal to lOppb, potassium: less than or equal to lOppb, and copper: less than or equal to 5ppb. 
Further, the temperature condition in a case where hot water (pure water) is used for 
predetermined washing treatment is more than or equal to approximately 35°C, preferably more 
than or equal to 40°C, whereby the effect of hot water is obtained since the higher the 

15 temperature is set the more washing effect is improved. It is necessary that the higher limit be 
set so that a resin to be treated is not dissolved by heat. It is generally preferable that the higher 
limit be set as the temperature which is lower by 20°C than the heat dissolving temperature of 
the resin to be treated. In addition, though there is no particular limit on the used amount of hot 
water (pure water), it is desirable that the same or more amount of water as the amount of the 

20 resin to be treated be selected to achieve more adequate washing effect, 
[0015] 

On the other hand, in a case where a dilute acid aqueous solution is used for the 
predetermined washing treatment, the concentration of the dilute acid aqueous solution is 
selected and set in view of the stability to the acid of a resin to be treated. For example, in a 
25 case of a chemically-amplified resist material having acid cross-linking or an acid decomposing 

grou p, it is set to be approximately 0.1 to 0.5 M, Then, this kind of a dilute acid aqueous 

solution can be preparecfby making a solution by adding at least one kind of acid selected among, 
for example, the high-purity of nitric acid, hydrochloric acid, fluorinated acid, citric acid, tartaric 
acid, lactic aid, and the like to high-purity water. It is to be noted that the washing treatment 
30 using a dilute acid aqueous solution may be performed at room temperature; however, a metal 
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impurity can be removed and reduced more efficiently by heating washing process system using 

a dilute acid aqueous solution to be more than or equal to, for example, 40°C. 

[0016] 

In addition, in either case, chromium, zinc, copper, or the like, for example, can be 
5 removed and reduced by the selection of ph control of washing treatment system and an organic 
solvent (washing treatment in which a resin to be treated is made to be a solution). 
[0017] 

In the present invention, it goes without saying that a material from which impurity is 
not eluted such as tefron, synthetic quartz (or structure with coating with these materials), or the 
10 like is used or that working environment (atmosphere) is considered so that a washing device 
(container or instrument), a separating device, a drying device, and the liked used in a series of 
"operation such as the washing treatment is prevented from being new source of contamination. 
[0018] 
[Operation] 

15 According to the above method of the present invention, a resin for an electronic part 

containing impurities such as, for example, sodium or potassium contacted with hot water (pure 
water) or a dilute acid aqueous solution first, whereby performing washing treatment. Then, in 
a case of washing process using hot water (pure water), activation energy is improved by the heat 
and the contained element which is easy to be dissolved such as sodium or potassium is quickly 

20 ionized, moved into the hot water easily and separated from the resin; therefore, removing and 
reducing of an impurity in a resin for an electronic part is achieved. In addition, also in a case 
where washing treatment is performed using a dilute acid aqueous solution, a cathode ion in the 
dilute acid aqueous solution is quickly reacted with an impurity such as, for example, iron (2+ or 
3+) and copper (1+ or 2+); therefore, removing and reducing of an impurity in a resin for an 

25 electronic part is achieved. Further, also in the case of the washing treatment using a dilute acid 
aqueous solution, activation energy is improved by heating and the efficiency of removing and 

in a case where a resin to be treated is a solution than in a case where a resin to be treated is 
powdery; accordingly, efficiency of removing an impurity becomes generally higher in the 
30 former case. 
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[0019] 

[Embodiment] 

Hereinafter, the present invention will be explained more specifically with 
embodiments; however, the present invention is not be limited to the embodiments, and it goes 
5 without saying that modifications can be made properly without departing from the scope of the 
present invention. 
[0020] Embodiment 1 

First, 100 g of an m-cresol novolac resin with the following concentrations of impurities 
was stored in a container made of teflon: Na: 20 ppm, K: 30 ppm, Fe: 10 ppm, Cr: 50 ppm, and 

10 Cu: 10 ppm. Further, 500 g of a 0.5 M acetic acid aqueous solution was added thereto and 
washing treatment was performed by intensive shaking and stirring for 10 minutes, keeping 
warming (heating) at 60°C Then, after the resin component was filtrated using a filter made of 
teflon and the washing treatment was performed again, the resin component was filtrated using 
the filter made of teflon. It is to be noted that 2 1 of pure water was used to fully remove the 

15 acetic acid used in the washing treatment at this time. 
[0021] 

The resin component which was subject to the washing treatment and filtration was 
stored in a vacuum drying apparatus and drying treatment was performed at 50°C for 2 days, 
whereby removing of an impurity in the resin was completed. When the concentrations of 
20 impurities in the powder of the resin to which impurity removing treatment were performed in 
the above manner was measured using a flameless atomic absorption device, it was found that 
the concentrations of impurities were drastically removed and reduced to be as follows: Na; 10 
ppb, K: 20 ppb, Fe: 50 ppb, Cr: 10 ppb, and Cu: 10 ppb. 
[0022] 

25 It is to be noted that, each result of carrying out the following experiments using a 

pre pare d solution in which 100 g of an m-cresol novolac r esin was diluted in 400 g of acetic a cid 

ethyl with the conditions shown in the table 1 which is based on the conditions of the above 
washing treatment is shown in table 2 along with the case of embodiment 1: washing treatment 
using hot water (embodiment la), washing treatment using hot water - acid solution of room 

30 temperature (embodiment lb), washing treatment using hot water - hot acid solution 
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(embodiment lc), and washing treatment using a hot acid solution (embodiment Id). 
[0023] 

As will be appreciated from the above embodiment, efficiency of removing impurities is 
higher in a case where the washing treatment system was kept warm (heated) than in a case 
5 where the washing treatment system was set at room temperature. In addition, the effect of 
removing sodium and potassium was high in the case of hot-water washing. Further, as shown 
in a flowchart of FIG. 1, in the above embodiment, in a case where a hot-water washing 
treatment step 6 was added after a washing treatment step 5, and a filtration - separating 
treatment step 7 and a drying treatment step 8 were performed, the removing and reducing of 

10 impurities was performed further efficiently. 
[0024] Embodiment 2 

First, a solution prepared by dissolving 100 g of a tert-butoxycarbonylated 
vinylphenol resin having concentrations of impurities of: Na: 100 ppm, K: 300 ppm, Fe: 10 ppm, 
Cr: 4.0 ppm, and Cu: 1.0 ppm in 400 g of acetic acid ethyl was stored in a container made of 

15 teflon. Further, 500 g of a 0.5 M acetic acid aqueous solution was added thereto and washing 
treatment was performed by intensive shaking and stirring for 10 minutes keeping warming 
(heating) at 40°C. Then, the solution was left at rest to separate a resin solution and an acid 
aqueous solution into two layers and the resin solution of an upper layer was removed. After a 
solvent (acetic acid ethyl) was distilled away from this resin solution, 400 g of acetone was used 

20 to make a solution again. Then, the solution was dropped in 3 1 of pure water and precipitated 
^ again. Thereafter, the resin component was filtrated using a filter made of teflon. Then, the 
filtrated resin component was stored in a vacuum drying apparatus and drying treatment was 
performed at 50°C for 2 days, whereby removing of impurity in the resin was completed. 
When the concentrations of impurities in the powder of the resin to which impurity removing 

25 treatment was performed in the above manner were measured using a flameless atomic 
absorption device, it was found that the concentrations of impurities were drastically removed 

and-redueed4o^e-as-follow 

[0025] 

It is to be noted that, each result of carrying out the following experiments using powder 
30 of a tert-butoxycarbonylated vinylphenol resin without making the resin into a solution with the 
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conditions shown in the table 1 which is based on the conditions of the above washing treatment 
is shown in table 2 along with the case of embodiment 2: washing treatment using hot water 
(embodiment 2a), washing treatment using hot water - acid solution of room temperature 
(embodiment 2b), washing treatment using hot water - hot acid solution (embodiment 2c), and 
5 washing treatment using a hot acid solution (embodiment 2d). 
[0026] 

As will be appreciated from the above embodiment, efficiency of removing impurities is 
higher in a case where the washing treatment system was kept warm (heated) than in a case 
where the washing treatment system was set at room temperature. In addition, the effect of 
10 removing sodium and potassium was high in the case of hot-water washing. 
[0027] 



[TM>le 1] 







kind of 
resin 


condition 
of sample 


temperature 
of hot water 
CO 


acid in a 
dilute add 
aqueous 
solution 


concentration 
of acid (M) 


temperature 
of acid (°C) 


Treatment 
conditions 




time 
(min) 


number 


Embodiment 1 


resin E 


powder 




acetic acid 


0.5 


60 


10 


2 


Embodiment, la 


resin E 


a 


60 








10 


2 


Embodiment lb 


resin E 


a 


60 


acetic acid 


0.5 


20 


10 


2 


Embodiment lc 


resin E 


a 


60 


acetic acid 


0.5 


60 


10 


2 


Embodiment Id 


resin E 


B 




acetic acid 


0.5 


60 


10 


2 


Embodiment 2 


resin A 


powder 




acetic acid 


0.5 


40 


10 




Embodiment 2a 


resin A 


powder 


70 








10 




Embodiment 2b 


resin A 


powder 


70 


nitric acid 


0,5 


20 


10 




Embodiment 2c 


resin A 


powder 


70 


nitric acid 


0.5 


70 


10 




























Embodiment 2d 


resin A~ 


powder 




nitric acid 


0:5 


— 70 


— 10 







[Table 2] 

15 Concentrations of impurities in resins (ppm) 
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Na element 


K element 


Fe element 


Cr element 


Cu element 




treatment 


after 
treatment 


before 
treatment 


ufter 
treatment 


before 
treatment 


BllCl 

treatment 


before 
treatment 


after 
treatment 


Dciorc 
treatment 


after 
treatment 


Embodiment 
1 


20 


0.01 


30 


0.02 


in 




^n 


0.01 


in 


n m 


Embodiment 
la 


20 


0.1 


30 


0.1 


10 


1 


sn 




in 




Embodiment 
lb 


20 


0.06 


30 


0.04 


10 


0.1 


50 


0.3 


in 


n i 


Embodiment 
lc 


20 


0.01 


30 


0.02 


10 


0.05 


50 


0.01 


10 


0.01 


Embodiment 
Id 


20 


0.1 


30 


0.1 


10 


0.1 






in 


n ^ 


Embodiment 

- 2 


100 




inn 




in 


A 1 


A 


ft AO 

0.02 


1 


0,01 


Embodiment 
2a 


100 


0.1 


inn 


n 


i n 

1U 


1 




1 


1 


0.8 


Embodiment 
2b 


100 


0.07 


300 


0.06 


10 


0.5 


4 


0.7 


1 


0.4 


Embodiment 
2c 


100 


0,05 


300 


0.03 


10 


0.1 


4 


0.02 


1 


0.01 


Embodiment 
2d 


100 


0.2 


300 


05 


10 


0,5 


4 


0.2 


1 


03 



Embodiments 3 to 12 

t— r- ~ ^—Washing treatment was perfo ftr^ious Kinds 
of resins for electronic parts based on the above embodiment 1 and embodiment 2, whereby 

5 contained impurities were removed and reduced. On the other hand, treatment conditions in a 
case of washing treatment with conventional pure water (room temperature) is also shown in 
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table 3 for comparison. Further, the concentrations (ppm) of impurities before and the 
concentrations (ppm) after these washing treatments (impurity removal) are shown in table 4. 
[0028] 

It is to be noted that, in table 1, condition a of a sample shows each of a case of a 
5 solution with 20 % of acetic acid ethyl and a case where: resin A: tert-butoxycarbonylated vinyl 
phenol resin, resin B: polyvinyl phenol resin, resin C: tert-butoxycarbonylmethoxylated vinyl 
phenol resin, resin D: polyisopropenylated phenol resin, and resin E: m-cresolnovolac resin. 
[0029] 
[Table 3] 





kind of 
resin 


condition 
of sample 


acid in a dilute acid 
aqueous solution 


concentration 
of acid (M) 


treatment conditions 




temperature 
v w 


time (rain) 


number 


Embodiment 3 


resin A 


a 


acetic acid 


2 


50 


20 


1 


Embodiment 4 


resin B 


a 


acetic acid 


0.5 


70 


10 


2 


Embodiment 5 


resin C 


powder 


nitric acid 


0.1 


50 


20 


1 


Embodiment 6 


resin D 


powder 


nitric acid - 
hydrochloric acid - 
hydrogen fluoride 


0.1 


50 


10 


1 


Embodiment 7 


resin D 


a 


acetic acid 


1 


70 


10 


2 


Embodiment 8 


resin D 


a 


lactic acid 


1 


70 


10 


2 


Embodiment 9 


resin E 


powder 


nitric acid - 
hydrochloric acid 


2 


25 


10 


1 


Embodiment 10 


resin E 


powder 


nitric acid - 
hydrochloric acid - 
hydrogen fluoride 


0.5 


50 


10 


2 


Embodiment H— 


resin E — 




















o 


lactic acid 


— 1 ' 


SO 


ID 






Embodiment 12 


resin E 


powder 


nitric acid - 
hydrochloric acid - 
hydrogen fluoride 


1 


40 


20 


1 
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Comparative 
example 1 


resin A 


powder 


pure water ' 


• 


20 


10 


2 


Comparative 
example 2 


resin A 


a 


pure water 




20 


10 


2 


Comparative 
example 3 


resin D 


powder 


pure water 


• 


20 


10 - 


2 


Comparative 
example 4 


resin D 


a 


pure water 




20 


10 


2 


Comparative 
example 5 


resin E 


powder 


pure water 




20 


10 


2 


Comparative 
example 6 


resin £ 


a 


pure water 




20 


10 


2 



[Table 4] 



Concentrations of impurities in resins (ppm) 







Na el 


ement 


K element 


Fe clement 


Cr element 


Cu element 




before 
treatment 


after 
treatment 


before 
treatment 


after 
treatment 


before 
treatment 


after 
treatment 


before 
treatment 


after 
treatment 


before 
treatment 


after 
treatment 


Embodiment 
3 


100 


0.03 


300 


0.02 


10 


0.05 


5 


0.1 


5 


0.1 


Embodiment 
4 


70 


0.4 


100 


0.1 


5 


0,1 


3 


0.06 


1 


ai 


Embodiment 
5 


50 


0.1 


20 


0.1 


2 


0.2 


1 


0.3 


1 


0.1 


Embodiment 
6 


20 


0.1 


40 


0.1 


2 


0.1 


10 


0.1 


10 


0.07 


Embodiment 


30 


0,5 


10 


0.1 


10 


0.5 


10 


0.2 


5 


0.1 




























7 






















Embodiment 
8 


200 


0.1 


200 


0.03 


15 


0.02 


7 


0.05 


5 


0.03 
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Embodiment 
9 


100 


0.06 


150 


0.04 


20 


0.1 


5 


0.1 


i 


0.1 


Embodiment 
10 


50 ; 


0.06 


30 


0.04 


10 


0.04 


5 


0.06 


i 


O.02 


Embodiment 
U 


20 


0.1 


50 


0.1 


5 


0.1 


1 


0.1 


l 


0.1 


Embodiment 
12 


10 


0.1 


30 


oa 


10 


0.06 


1 


0.05 


i 


0.06 


Comparative 
example 1 


100 


10 


150 


30 


20 


, 3 


10 


2 


10 


3 


Comparative 
example 2 


100 


5 


200 


so 


JO 


3 


4 


1 


5 


0.8 


Comparative 
example 3 


20 


i 


50 


10 


10 


1 


10 


3 


1 


0.3 


Comparative 
example 4 


60 


1 


100 


20 


5 


0.5 


10 


3 


1 


0.3 


Comparative 
example 5 


60 


0.5 


100 


10 


5 


0.2 


5 


2 


3 


1 


Comparative 
example 6 


30 


0.3 


50 


10 


10 


4 


5 


1 


0.3 





[0030] 

[Effect of the Invention] 

As explained above, according to the method of removing an impurity of the present 
5 invention, it is possible to easily remove and reduce each impurity element of metal system in a 
_ resist-resin^^^^ 

resin with high purity can be prepared with removing efficiency, which is greater than or equal to 
ten times than a conventional method, with washing treatment for a short time without 
complicated operations. 
10 [Brief description of the Drawings] 
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[FIG 1] A flowchart showing an example of a method for removing an impurity in a' resin for an 
electronic part according to the present invention. 

(FIG. 2] A flowchart showing a conventional method for removing an impurity in a resist resin. 
[Explanation of Reference] 
5 1 and 1': resist sample, 2 and 2': washing (pure water at room temperature) step, 3 and 7; resist 
sample separating step, 4 and 8: drying treatment step, 5: washing (dilute acid water) step; and 
washing (hot water) step. 
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